INTRODUCTION
Whole bioengineered lungs (BELs) produced on acellular lung scaffolds have been transplanted in small animal models, but lungs failed due to intravascular coagulation and defects in endothelial barrier function leading to pulmonary edema (1, 2) . No approach has allowed for long-term survival of BELs after transplantation.
A work examining passive diffusion of gas into the lung suggests that nonvascularized lung can survive for periods of time without vascular support (3), such as ligation of the pulmonary artery (4) . Here, we focused on development of the bronchial systemic circulation in nonimmunosuppressed pigs to support BEL growth and survival after transplantation. We performed a pilot study to establish feasibility of BEL transplantation, with an airway anastomosis but without a vascular (pulmonary) anastomosis. We relied on the development of collateral systemic circulation to support tissue survival (5, 6) . BELs were created using autologous cells isolated from a left lung pneumonectomy for n = 6 pigs. Four pigs received implanted BELs 30 days after pneumonectomy, whereas two animals were euthanized before receiving a BEL. This approach allowed the opportunity to enhance our understanding of pulmonary vascular development, initiate examination of the BEL transcriptome, evaluate BEL tissue development after transplant, examine BEL immune response, evaluate acute and chronic rejection, and examine reestablishment of the microbiome within the BEL.
RESULTS

Decellularization
Porcine acellular lung scaffolds were produced, as described previously (7, 8) , with one modification. A dextrose pretreatment step was added before decellularization of whole lungs. This was done to enhance protein stability (9) , reducing collagen loss during decellularization. Established multiphoton microscopy (MPM) and second harmonic generation methods (7, 8) demonstrated that collagen fibers were less damaged ( fig. S1A compared to fig. S1B ), and significantly more collagen (P < 0.002) was retained in scaffolds using dextrose-SDS decellularization ( fig. S1C ). Bronchoscopy was performed on all scaffolds before recellularization (movie S1). Table S1 lists all of the abbreviations used in the manuscript.
Supplementation of scaffold
In past studies, acellular lung scaffolds were supplemented with plateletrich plasma (PRP)-loaded pluronic F-127 hydrogel (BASF) (7, 8) before installation of cells. The ability of hydrogels and nanoparticles to target delivery in support of vascular tissue development has been previously demonstrated (10, 11) . We combined microparticle (MP) delivery of vascular endothelial growth factor (VEGF) with hydrogel delivery of PRP, fibroblast growth factor 2 (FGF2), and keratinocyte growth factor (KGF). Discoidal porous silicon MPs (12) Mesenchymal stem cells (MSCs) support angiogenesis, produce immunomodulatory factors, promote lung repair (13) , regulate macrophage function (14) , and combined with M2 macrophages contribute to tissue regeneration (15) . To study the effects of MSC and M2 cells on lung tissue development, we added porcine MSCs, unpolarized macrophages, M1 or M2 macrophage subsets, mononuclear leukocytes (MNLs), or lipopolysaccharide (LPS)-stimulated MNLs or culture supernatants from these cell types to primary lung cells seeded onto 3 × 3 × 0.5-cm pieces of acellular lung scaffold. Increased cell attachment ( fig. S2A ) and proliferation, measured by Ki67 staining, occurred when primary lung cells were cultured on KGF hydrogel-pretreated scaffolds ( fig. S2B ) or with addition of MSC supernatant, MSC, M2 cell supernatant, or M2 cells to primary lung cultures, justifying use of these supplements in the production of whole BEL.
Production of BEL for transplantation
Procedures for recellularization of whole acellular pediatric scaffolds with adult lung-derived cells (7) were modified for use in this study. Changes included installation of VEGF-MP and FGF2 hydrogel into the pulmonary artery of whole acellular scaffolds 2 hours before primary vascular cell installation and addition of KGF hydrogel 2 hours before primary lung cell installation.
The primary lung cell preparation included aquaporin (table S2) and numbers of autologous cells  installed into lung scaffold (table S3) are provided. Primary lungderived vascular cells were installed into the pulmonary artery and primary lung, and primary tracheal-bronchial cells were installed into the trachea; MSC supernatant, MSCs, M2 macrophage supernatant, and M2 cells were added during BEL culture (tables S2 and S3). Oxygen concentrations were uniform for media alone or media and scaffold cultures over 30 days. There was a slow decrease in oxygen concentration over the 30-day BEL culture period, as oxygen was consumed by the cells of the BEL (fig. S4) . In a subset of scaffolds, carboxyfluorescein succinimidyl ester (CFSE)-labeled primary lung cells were installed into scaffolds, and a Spectrum in vivo imaging system (IVIS) was used to examine cell dispersal on pieces of acellular scaffolds ( fig. S5, A and B) or whole-lung scaffolds ( fig. S5, C to F ).
An overview of BEL production is shown in Fig. 1 (A to H) . The left lungs removed from donor pigs (Fig. 1A) were used to produce left lung scaffolds for this study (Fig. 1B) . The pulmonary artery, pulmonary vein, and trachea of the scaffold were cannulated as described (Fig. 1 , B to D) (7).
Transplantation and outcomes
Six nonimmunosuppressed pigs were slated to receive a BEL transplant, with two pigs euthanized before BEL transplantation because of surgical complications related to the left lung pneumonectomy. Four animals received autologous BELs 30 days after a left pneumonectomy and were euthanized at 10 hours (pig 2), 2 weeks (pig 1), 1 month (pig 4), and 2 months (pig 5) after transplantation ( fig. S6A ). After surgery, pig 5 developed a partial airway occlusion that reduced lung expansion. Pulse oximetry remained at 100% throughout the testing period. All pulmonary function measurements showed a trend toward return to baseline values, suggesting that transplanted lungs had normal pressures and volumes ( fig. S6 , B to D). Bronchoscopy of BELs was performed before ( Fig. 2A and movie S2) and after transplantation (Fig. 2B, fig. S2C , and movie S3). Small blood vessels were seen mid-trachea and at the anastomosis site (Fig. 2 , B and C) in animals that survived for longer than 10 hours. Computed tomography (CT) angiograms of the thorax of pig 1 (survived 2 weeks) comparing BEL and native lung (Fig. 2, D and E) depict the development of collateral blood circulation in BEL by 2 weeks after transplant. Figure 2F is a gross image of this BEL. Micro-CTs of native lung and BEL demonstrated that both BEL and native lung contained open airways and comparable tissue density (Fig. 2, G and H) .
In pig 4 (survived 1 month), a CT angiogram of the thorax in the arterial phase, axial image, shows aerated portions of the BEL (Fig. 2I) . The aorta, pulmonary artery, right ventricle, and left ventricle are noted. A coronal image of this animal shows the BEL in the left hemithorax (Fig. 2J) . Hyperinflation of the right lung resulted in herniation of the native lung into the inferior left hemithorax. This contributed to the restricted expansion of the BEL (Fig. 2J) , although the transplanted left lung became aerated during breathing (Fig. 2K ). Coronal and axial images of magnetic resonance imaging (MRI) angiography display the peripheral enhancement outlining the left BEL due to capillary revascularization (Fig. 2, L and M) . A large intercostal vessel arising from the aorta with branches extending toward the BEL is noted on the axial image (Fig. 2M, arrow) . The gross image of the BEL from pig 4, after necropsy, shows the smaller size of the left BEL compared to the right native lung (Fig. 2N) .
BEL transcriptome profile
We initiated the examination of BEL gene expression (GE) profiles at 1 month after transplant (pig 4) to determine whether angiogenesis or tissue development was still in progress and to identify key time points for examination of the BEL transcriptome in later studies. We tested 4128 genes isolated from BEL or native lung samples isolated from the same animal, setting the GE of native lung as reference and calculating fold changes (FCs) of GE for BEL. Here, FC was defined as
Although there were variations in levels of GE in BEL compared to native lung, the types of genes expressed were similar (Fig. 3A) . Compared with native lung, an average of 11.79% of the genes were downregulated (0 < FC ≤ 0.5), and 15.93% were up-regulated (FC ≥ 2) in BEL (Fig. 3B) . The majority of genes (72.28%, 0.5 < FC < 2) remained at the same expression level as found in native lung (Fig. 3B) . We performed a paired Student's t test between BEL and native lung GE with log 2 transformation. Genes with FC ≥ 2 or FC ≤ 0.5 (P < 0.05) were defined as potential differentially expressed genes (Fig. 3 , A to C, and tables S4 to S5).
Angiogenesis-related genes that were up-regulated in the BEL at 1 month after transplant included MAPK14 (FC = 5.00), TGFB2 (FC = 5.00), PDGFC (FC = 3.00), VCAM1 (FC = 3.00), VEGFD (FC = 3.00), HEY 1 (FC = 2.50), SRY-Box-9 (SOX-9; FC = 3.00), PDGFRA (FC = 2.50), SHH (FC = 2.25), SRY-Box-15 (SOX-15; FC = 2.00), FGFR1 (FC = 2.00), SELP (FC = 2.00), Wnt10B (FC = 2.00), ETV2 (FC = 2.00), and ICAM1 (FC = 2.00; Fig. 3C ). Other up-regulated genes included KDR/VEGF2R (FC = 1.55), CXCL12/SDF-1 (FC = 1.33), NRP1 (FC = 1.28), SRY-Box-4 (SOX-4; FC = 1.25), and CXCR4 (FC = 1.17; Fig. 3C ), as well as ITG2AB/CD41, ETS1, TGFB1, HEY2, PROX1, VEGFC, PECAM1, NOS2, NOS1, and SELE (table S4). In normal vascular development, one of the major signaling pathways is Notch (16) . Although there was increased expression of downstream Notch target ligands in the BEL, Hey1 (FC = 3.00) and HeyL (FC = 2.50), this expression was not as robust as would have been expected if production of the BEL was purely a developmental process (17) . Genes expressed in the BEL also included lung lineage gene NKX2-1 (FC = 1.40) and AEC I cellassociated genes AQP5 (FC = 2.00), SCNN1G (FC = 2.00), CAV-1, and RAGE/Ager or AEC II-associated genes SFTPC, SFTPB, SFTPD, and SFTPA1 (table S5) . Other lung epithelial cellassociated genes expressed in the BEL included KRT19, MUC20, MUC13, MUC15, TP63, MUC1, and KRT5 (table  S4) . Genes normally expressed by neuroendocrine cells (CHGA, ENO2, and FOXF2), Clara cells (SCGb3A2), or muscle cells (ACTG2, ACTA1, ACTB, and ACTA2; table S5) were also expressed.
The gene profile of the BEL was similar to that of the native lung, although the BEL exhibited distinct expression profiles. Despite this study's limitations due to the small sample size, the information generated provides an important GE data set to build from in the future.
BEL vascular and lymphatic development
Pretransplant capillaries in BEL contained no red blood cells (Fig. 4A) . Posttransplantation collateral circulation developed in pig 1 within 2 weeks (Fig. 4B ) and developed in all animals that survived 2 weeks or longer (Fig. 2E ). BEL microvasculature appeared normal (Fig. 4 , C and D), and, on the basis of CFSE labeling of primary vascular cells, vessels in the BELs were formed from installed cells (Fig. 4 , E to G), although few CFSE-labeled cells were found at the junction point between the BEL circulation and the animals' normal vasculature (Fig. 4I, with Fig. 4H as the control). Pigs were spontaneously breathing 21% oxygen before BEL harvest. The average partial pressure of oxygen (pO 2 ) in the BEL pulmonary artery of these pigs was 123 ± 10 mmHg, indicating it was receiving oxygenated blood and not venous blood from the collateral circulation. The lack of an oxygen gradient at the alveolus capillary junction prevented gas exchange, as has been documented in past studies (4, 6) .
Vessels in BELs expressed CD31 (Fig. 4 , K and M; J and L are controls) and angiogenesis markers including transcription factor early growth response protein 1 (ERG1) (Fig. 4O, with Fig. 4N as the control), endothelium nitric oxide synthase (eNOS; BEL tissue development Acellular distal lung scaffold lacks structure (Fig. 5A ). After recellularization, on day 30 of bioreactor culture, the BEL contained well-developed alveolar areas (Fig. 5 , B and C), although nonaerated regions (Fig. 5 , B and C, arrows) were evident. PSP-C + AEC II (Fig. 5D ) was the predominant cell type before transplant. After transplantation, normal breathing enhanced aeration of the BEL, although occasional nonaerated areas were present (Fig. 5E) . PSP-C + AEC II ( (Fig. 5L) , the total number of cells increased in BEL (Fig. 5M ) of animals that survived for 1 month (Fig. 5N ) and 2 months (Fig. 5O) . The total number of AEC I also increased in pigs that survived for 2 weeks and 1 month but not in pig 5, in which a partial occlusion ( Ck-18 + cells ( fig. S9B, with fig. S9A as the control) and CC10 + Clara cells were present in developing bronchioles ( fig.  S9D, with fig. S9C as the control) as were mucin-producing cells ( fig. S9E ) including mucin 5a (MUC5a), a protein marker of developing airway epithelium ( fig. S9G,  with fig. S9F as the control), and MUC1 ( fig. S9I, with fig. S9H as the control) . Low numbers of lung progenitor cell phenotypes, such as CK5 + / P63 + cells (19) , were found ( fig. S9K, with fig. S9J as the control) in BELs.
Pig 5 developed an occlusion of the first branch of the main stem bronchus of the BEL after transplantation. Both passageways at the point of the carina were open, as shown by bronchoscopy, 2 months after transplantation (Fig. 6A) , but the left bifurcation of the lung was occluded (Fig. 6, B to D) . Chest x-ray was performed due to breath sounds in the left chest cavity. The left lung appeared small, dense, and partially aerated (Fig. 6, D and E) , although CT images indicated the presence of multiple intercostal vessels (Fig. 6F) . P-SPC + AEC II (Fig. 6H, with Fig. 6G as the control) were found in compressed, nonaerated areas, and many of these cells were undergoing apoptosis [terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick end labeling-positive (TUNEL + )] (Fig. 6 , J, K, and O, with Fig. 6I as the control). More FSP-1 + fibroblasts were found in nonaerated versus aerated regions of the lung or compared to native lung (Fig. 6 , M to O, with Fig. 6L as the control). As expected, native lung contained more cells and more P-SPC + cells than BEL (Fig. 6O) .
Immune response of BEL Contamination of long-term bioengineered tissue cultures is a common problem. There is also increased susceptibility to infection of pulmonary grafts after transplantation, due to contact with microbial contaminants during breathing (20, 21) . As a preventative antimicrobial strategy, the immune systems of BELs were reconstituted. Autologous MNLs were added on day 11 of bioreactor culture and autologous serum, alveolar macrophages, and MNLs on day 30 before transplantation.
Cytokine analysis was performed on bonchioalveolar lavage (BAL) fluid isolated from native lung and BEL. Before transplant, there were low concentrations of proinflammatory cytokines in native lungs and BELs (Fig. 7A) . Pig 2, euthanized 10 hours after transplant, had a measurable proinflammatory response due to an undiagnosed infection at the time of euthanasia (Fig. 7B) . Cytokine concentrations decreased as survival time of animals increased (Fig. 7B) . There was no indication of a T cell response after BEL transplantation as demonstrated by low concentrations of interleukin-2 (IL-2) or IL-12p70 and lack of increase in CD8 + cell numbers in BAL (Fig. 7C) . Numbers of CD4 + , CD8 + , perforincontaining cells, and CD20 + -or immunoglobulin G-expressing B lymphocytes were not significantly different in BEL compared to native lung (Fig. 7D) . There was also no difference in location of CD8 + lymphocytes in airways of native lung (Fig. 7F, with Fig. 7E as the control) and BELs (Fig. 7H, with Fig. 7G as the control) or number of CD8 + cells in tissues (Fig.  7I ). These data indicate that the autologous BELs were well tolerated, with no infiltration of leukocytes into tissues or upregulation of T cell responses indicative of graft dysfunction or rejection.
BEL microbiome development
Transplantation of the sterile BELs provided an opportunity to observe the establishment of the pulmonary microbiome communities in the respiratory tree (21) . Native lung contains a welldeveloped microbiome (Fig. 8A ), but BELs are sterile before transplant (Fig.  8B) , and no organisms were found in BEL until after transplantation (Fig. 8C) . Evaluation of the established microbiome over a time course helped us address the BEL from the perspective of the bacterial community. We completed initial nextgeneration sequencing of samples from four pigs housed in our facility to identify the core microbiome of the respiratory tree. The resulting data were consistent with the limited published microbiome data for pig lung (22) and identified the most common genera or species present in these laboratory animals. Optimized quantitative polymerase chain reaction (qPCR) targets and assays were then established to quantify the common bacteria and selected minor species associated with pathogenic infections to evaluate the seeding of BEL (table S8) . One bacterial target was based on identification of 16S sequences that did not align with sequences in the SILVA rRNA database. Specifically, IOLA (infectious organism lurking in airways) (22, 23) 16S was seen in one of the transplanted and two of the control animals studied. This result was confirmed through cloning and sequencing of additional genomic fragments using published PCR primers (23) . The composition of each microbiome was evaluated for tracheal and lung samples from each of three pigs and is shown as proportional bar charts (average of at least two independent evaluations per sample) in Fig. 8 . Tracheal and lung colonization occurred within 10 hours of the transplant; however, the profile of these communities appeared to be less stabilized, with more bacterial targets detected in the trachea of the transplant relative to the normal lung. Respiratory problems forced early euthanasia of this animal. The qPCR detected extremely high amounts of Mycoplasma flocculare in the bioengineered trachea and lung communities, suggesting that this organism may have contributed to the signs of clinical disease that warranted early euthanasia. The 2-week BEL tissue showed slight but not significant differences in proportions of Moraxella species and Staphylococcus species in the trachea (P > 0.05). The paired native lung and BEL samples for the 2-and 1-month transplants also showed similar bacterial communities with nearly identical representation and proportions. There were some notable differences in the 1-month tissues, including the M. flocculare (24) observed in the 10-hour samples.
DISCUSSION
To date, regenerative laboratories have attempted to engineer only a few whole organs. This endeavor requires engineering not only the organ but also vascular tissues to maintain a healthy organ with full functionality. We concentrated our initial efforts on developing the microvasculature and systemic support in the BEL and found that collateral systemic circulation developed in all animals that survived 2 weeks or longer. Because BEL was supplied with oxygenated rather than deoxygenated blood, we were unable to assess gas exchange due to a lack of an oxygen gradient at the alveolar capillary junction. and nonaerated BEL. Data were analyzed using ANOVA. *P < 0.05, **P < 0.005, ***P < 0.0005. NS, not significant.
GE related to angiogenesis and lung tissue development indicated that tissue development was still in progress 1 month after transplantation. Histological examination of tissues indicated that collateral circulation developed in all animals as early as 2 weeks after transplant. Histological evaluation showed progression in lung and airway epithelial cell development with an associated increase in overall cell numbers and AEC I in animals that survived from 10 hours to 2 months. Cells associated with lung-specific lineages were found in all animals at all time points examined, although there were few Clara cells in the developing airways of animals due to the lack of primary Clara cells in the primary tracheal bronchial cell preparation.
One obvious limitation of this study is the small sample size related to genome analysis. However, this finding was supported by other methods of analysis and indicated that genes related to angiogenesis and lung cell lineages remained elevated in BEL 2 months after transplantation. Another limitation is the need to continue survival of animals beyond 2 months with subsequent evaluation of the ability of these animals to survive relying only on oxygen provided by their BEL alone.
Acute lung rejection, characterized by perivascular and subendothelial mononuclear infiltrates or by lymphocytic bronchitis and bronchiolitis, was not seen in BELs. We did not see a significant increase in the presence of proinflammatory cytokines in tissues isolated from BELs, except in pig 2 (10-hour survival). This animal was later shown to have high numbers of M. flocculare, a swine pathogen. We saw no indication of primary graft rejection in animals that survived for 10 hours, 2 weeks, 1 month, or 2 months based on BAL evaluations or histopathology. No marked structural abnormalities were found in BEL tissues in pigs 1, 2, or 4. Pig 5, however, developed a partial airway occlusion after surgery and showed some underdeveloped lung areas. Representative images indicated that aerated regions of the lung displayed normal lung architecture. Our study provided the opportunity to examine the reestablishment of the microbiome in a sterile BEL after transplantation. Recent reports highlight a role for lung microbiota in control of lung injury and remodeling after transplantation (25) and development of bronchiolitis obliterans syndrome, which impacts long-term survival (26) . The sterile tissues appear to have been seeded via the trachea, as noted from the results of the animal that survived for 10 hours; however, more work will be required to confirm this route of colonization. The distinct bacterial communities we observed were consistent with other reports for the swine lung (21) and were consistently reproduced in BEL. These evaluations also led to the observation of an infectious organism present in airways, suggesting that this organism may be of pathogenic concern in swine; moreover, IOLA had previously been reported only in the human respiratory tract in association with clinical disease (23) .
In conclusion, we have shown that the nanoparticle and growth factor hydrogel modification of acellular scaffolds was essential to the success of this study and that continued vascular development occurs in animals after transplantation of BELs. These results also support the utility of the platform used to produce and transplant BEL for the general study of BEL development, including the transcriptome, vascular tissue development, immune response related to rejection, and microbiome formation. This platform would also allow examination of the influence of the microbiome on BEL survival and function in future studies. Together, these findings represent a significant advance in our understanding of the production of bioengineered tissues for transplantation. Future studies should concentrate on procedures to allow continued maturation of the BEL in vivo and establishment of vascular flow via the pulmonary artery and pulmonary vein.
MATERIALS AND METHODS
Study design
The objective of this study was to explore development of the systemic circulation after transplanting BELs into a large-animal (pig) model with tracheal anastomosis but without reattachment of the pulmonary circulation. We used a three-dimensional model of porcine lung tissue to select methods of growth factor delivery and scaffold supplements that enhanced vascular and lung tissue development. BELs were created from autologous primary lung, and vascular cells were isolated from a left lung pneumonectomy performed 30 days before BEL transplantation. Porcine lungs for acellular scaffold production were obtained as discarded surgical materials at the University of Texas Medical Branch (UTMB) or were obtained following the Institutional Animal Care and Use Committee (IACUC)-approved protocols at the Texas Methodist Hospital Research Institute. Animal handling and surgical procedures for obtaining porcine peripheral blood or BEL transplantation were performed according to protocols approved by the IACUC of UTMB at Galveston and were compliant with guidelines of the American Association for the Accreditation of Laboratory Animal Care. Animals were not immunosuppressed in this study. Replicate numbers of each experiment are included in the figure captions. Tissues from n = 6 BELs before transplant and n = 4 BELs after successful transplantation were randomized before examination. Histology analysis and cell counts were performed by trained individuals who were blinded to the study. One animal (pig 2) was euthanized early due to respiratory complications at 10 hours. Pig 5 developed an airway occlusion after surgery, limiting BEL development, and samples from this animal were not used for microbiome analysis. Animals that survived for 2 weeks, 1 month, and 2 months demonstrated development of collateral systemic circulation, BEL survival, and tissue development after transplantation. Antibodies used in this study are listed in tables S6 and S7.
Statistical analysis
All viability, genomic, histology, imaging, and microbiome analyses data for each pig compared each animal's BEL to its native lung. For cell phenotype analysis, 10,000 cells were collected for each flow cytometry sample examined. For specified data comparisons, a paired samples Student's t test was used to compare means. For other data sets, ANOVA was used as noted. Statistical analyses for these data were performed using GraphPad Prism v7.0.04. Mean values and SDs are reported. Mean differences in the values were considered significant when P < 0.05. For microbiome analysis, mathematical analyses were performed using Excel (Microsoft Corp.). Graphing was competed using Excel or GraphPad InSTAT software (version 2003).
SUPPLEMENTARY MATERIALS
www.sciencetranslationalmedicine.org/cgi/content/full/10/452/eaao3926/DC1 Materials and Methods Fig. S1 . Scaffold production and modification. Fig. S2 . BEL culture supplements. Fig. S3 . Cell phenotypes installed in BEL. Fig. S4 . Bioreactor culture BEL pO 2 measurements. Fig. S5 . IVIS imaging to estimate cell dispersal. Fig. S6 . Information regarding study animals. Fig. S7 . Evaluation of tracheal development. Fig. S8 . BEL tissue development. Fig. S9 . Cell phenotypes in BEL. Table S1 . Abbreviations used in the manuscript. Table S2 . Cell installation information. Table S3 . Number of cells Installed in scaffolds. Table S4 . RNA sequence data: Angiogenesis. Table S5 . RNA sequence data: Cell lineage. Table S6 . Antibodies used for histochemical cell phenotype analysis. Table S7 . Antibodies used for flow cytometry analysis. Table S8 . Microbiome primers used in this study. Movie S1. Bronchoscopy of acellular pig lung scaffold. Movie S2. Bronchoscopy of BEL before transplant. Movie S3. Bronchoscopy of BEL after transplant. References (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) 
